Bacterial biofilm offers a possible environmental field for cell-cell interactions, that is, the exchange of signal molecules for intercellular communication such as quorum sensing (Kjelleberg and Molin, 2002) as well as providing metabolites as nutrients (occasionally as inhibitors) and elements for genetic modification. Therefore, the biofilm can be regarded as a community for information exchange among biofilm habitants from the genetic to phenotypic levels.
Gene transfer among bacterial cells in the biofilm is considered to contribute to the adaptation of bacteria to their surroundings and bacterial evolution through gene change, which may often endow biofilm habitats with resistance to chemicals including antibiotics. Nowadays gene transfer in bacterial biofilm has become of interest owing to the possible emergence of genetically modified microorganisms as well as the spread of pathogenic bacteria with chemical resistance in the environment.
It was reported that growing bacteria in the biofilm can facilitate plasmid-mediated horizontal gene transfer among the bacteria via conjugation and transformation (Li et al., 2001; Molin and Tolker-Nielsen, 2003) . In the transformation process, recipient organisms may take up free DNA liberated from donor organisms by such means as the lysis of cells. In the biofilm environment, the access of free DNA to the recipient cell surface may be increased owing to its adsorption and accumulation in extracellular polysaccharide (EPS) matrices where DNA molecules can be protected from digestion by nucleases (Wuertz et al., 2001) . In this context, genetic transformation is an alternative way to acquire foreign gene elements for biofilm habitants exhibiting competency, the ability to accept DNA molecules. Such bacterial competency is often induced in the presence of calcium ions at low concentrations of 2 to 10 mM, naturally encountered in rivers and ponds (Baur et al., 1996) . 
